The first purpose of the article and the underlying research is to identify trends in the development of the knowledge-intensive services (KIS) sector in selected EU countries and to create forecasts of its further growth. The second purpose is to recognize factors that may help or inhibit Poland from drawing upon the experiences of the analysed countries.
INTRODUCTION
Modern economies are based on knowledge and information. Knowledge and information are recognized as the driver of productivity and economic growth. The term 'knowledgebased economy' stems from this fuller recognition of the place of knowledge and information in modern economies.
One of the elements of knowledge-based economy is a dynamic development of knowledge-intensive services (KIS) (Wyszkowska-Kuna, 2016) . The areas of KIS are characterised by large involvement in research and development 1 (Doloreux, Shearmur, & Rodriguez, 2015) and employment of highly educated workforce. The knowledge resource held by the service provider and innovation are necessary conditions for the activity to be included in KIS category. These services may be provided as part of business activity or obtained from specialised third-party companies. KIS is, therefore, capital and knowledge-intensive. These services are a vital source of innovation for businesses and entire economy. Knowledge-intensive services contribute not only through the diffusion of knowledge and innovation to the creation and transfer of modern technology but also to an increase in productivity (Musolesi, & Huiban, 2009, p. 63 ) and thus to acceleration of economic growth (Klaesson, & Norman, 2015, p. 158 ).
An increase in the number and influence of knowledge-intensive business services (KIBS) in the EU can be attributed to several factors. First, there is an increasing need for knowledge within the economy. Increasing research and development is seen as a significant venue towards the attainment of this objective. Second, the strategies put in place by most governments in the region offer a conducive environment for the increase in KIBS (Pauceanu, 2015, p. 12) . In Poland and other CEE countries, a rapid growth of KIS can be seen after 1989 (Baláž, 2004, p. 1) .
The purpose of the article is to show trends in the development of the knowledgeintensive services (KIS) sector in selected EU countries and to create projections of its further growth. The second purpose is to identify factors that may help or inhibit Poland from drawing upon the experiences of the analysed countries. To fulfill those aims, we verify the main hypothesis, which is as follows: the process of development of knowledge-intensive services has a certain limit that cannot be overcome, which can be called a 'glass ceiling'. Furthermore, three additional hypotheses were developed: (1) The level of the proposed 'glass ceiling' of knowledge-intensive services development varies in particular economies; (2) The knowledge-intensive services sector is characterised by decreasing marginal productivity; (3) Knowledge-intensive services sector in Poland is on the path of convergence with highly-developed EU countries.
To verify these hypotheses we use time series trend forecasting of the development of the KIS sector in the EU countries.
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LITERATURE REVIEW
In the literature of the subject, two concepts are often used interchangeably: knowledgeintensive services (KIS) and knowledge-intensive business services (KIBS). The difference between them is that knowledge-intensive business services (KIBS) are the sub-group of KIS. In the literature, KIBS are defined as firms that provide knowledge-intensive goods and services for other business firms (Schricke, Zenker, & Stahlecker 2012, p. 6) . Thus, KIBS include all KIS, except for education, health and social work, recreational, cultural, and sporting activities, which are services destined for consumers (Wyszkowska-Kuna, 2016) .
The origins of the research on KIS dates back to the 1990s of the last century (Miles et al., 1995) . According to this author, 'Knowledge-Intensive Business Services involve economic activities which are intended to result in the creation, accumulation, or dissemination of knowledge' (Miles et al., 1995, p. 18) . They act as transmitters of knowledge, contributing in different ways to the innovation processes of related firms (Miles et al., 1995, pp. 41-42) . Currently, applicable definitions of KIS and KIBS have some common features, focusing on the high involvement of excellent work (requiring a high level of knowledge), a diffusion process and a significant impact on innovative activities within the enterprise and the economy (Gallego & Maroto, 2015; Dubosson & Fragniere, 2008) . Concluding, knowledge-intensive business services (KIBS) are: − performed by private companies and organisations, − relying on professional knowledge, related to a specific (technical) discipline or (technical) functional domain, − supplying intermediate products and services that are knowledge-based (Bilderbeek et al., 1998) .
KIS are key players in innovation systems, particularly in advanced regions where manufacturing competitiveness depends on knowledge contents provided by highly specialised suppliers (Braga, Marques, & Serrasqueiro, 2018 p. 360) .
Among the determinants of the development of the KIS sector one can mention (Miles et al., 2018) : − growing demand from organisations that focus on 'core competences', outsourcing non-core activities to specialised suppliers, − increasing requirements for external knowledge, − changing environments and technologies which require knowledge to fully utilise them, − growing complexity of economies and the technologies which are deployed in them.
Nowadays, many authors develop the concept of knowledge-intensive services. Full review of authors, publications, topics, and the number of citations is included in a study by Figueiredo et al. (2017) . The three most-quoted authors are: Miles, Hertog and Muller, and the four most frequently quoted articles are by Muller and Zenker (2001) , Hertog (2000) , Miles (2005) and Bettencourt et al. (2002) .
Many studies focus on spatial variation of innovation in the knowledge-intensive business sector. The subject of their analysis is the regional diversification of companies in the KIS sector (Brenner et al., 2018; Dolores & Shearmur, 2012; Klaesson & Norman, 2015; Pauceanu, 2015; Ženka et al., 2017) . The mentioned articles analyse the KIS in some countries (Sweden, Germany, the Czech Republic). Only Alexandrina Pauceanu (2015) presents KIS in all countries of the EU. As a continuation of our research on the service sector (Godlewska-Dzioboń, Klimczyk, & Witoń, 2018) , in this article we follow the above mentioned research and also focus on the KIS topic from the point of view of the service structure. We want to present the current KIS situation and its share in the EU countries, but our added value is forecasting changes of KIS and their implications for the Polish economic policy.
According to Rodriguez (2014) , studies of KIS can be classified into three groups depending on their main objective. The first group contains works that link regional innovation efficiency and KIBS (i.e. Brenner et al., 2018; Gallego & Maroto, 2015) . The second group of authors and we focus on the location of KIS (Pauceanu, 2015; Ženka et al., 2017) . The third group of publications addresses how regional features affect the formation of KIS (Dolores & Shearmur, 2012) .
There seems to be an agreement in literature that knowledge intensive (business) services can contribute to economic growth, either regional or national (Brenner et al., 2018; Desmarchelier, Djellal, & Gallouj, 2013) . Knowledge intensive business services provide advanced technological knowledge directly to other industrial sectors, and indirectly to the whole economy (Castellacci, 2008; Radovanović, Dmitrović, & Žarkić Joksimović, 2017) . The economy can benefit collectively from the knowledge produced by KIBS (Brenner et al., 2018) . The contribution of KIBS to the productivity of the other industrial sectors may well exceed the productivity gains as measured within the KIBS sector itself (Castaldi, 2009) . However, the relationship between KIS/KIBS and economic growth is two-way. There is a strong demand-pull mechanism in place. Growth in the rest of the economy causes KIBS to grow in the next or later years (Brenner et al., 2018) . Therefore, the development of the KIS/KIBS sector in the most developed EU economies is limited due to the slowdown in economic growth. Additionally, according to Baumol (2002) and Wolff (2002) , intellectual work is stagnant -the rise in costs is nowhere near being balanced by the improvement in the 'act of thinking'. This causes productivity decreases in knowledge-intensive sectors. What is more, some KIS/KIBS firms follow their clients overseas, and/or seek new markets in (especially) emerging economies. A possible trend is likely to be the emergence of KIBS firms within emerging economies -catering to local and/or world markets (Miles, 2018) . Having considered this, we proposed the main hypothesis of the study, which posits that the process of development of knowledge-intensive services has a certain limit that cannot be overcome, which can be called a 'glass ceiling'. The exact level of that limit should be analysed in further studies.
MATERIAL AND METHODS
Sector development of knowledge-intensive services is measured as employment in KIS in relation to all employment in the economy. The data was obtained from the Eurostat's database. The data source is the European Labour Force Survey (LFS). The definition of knowledgeintensive services used by Eurostat is based on a selection of relevant items of NACE Rev. 2 on a 2-digit level and is oriented to the ratio of highly qualified workers in these areas.
In the course of study, the following hypotheses were developed: The main hypothesis: The process of development of knowledge-intensive services has a certain limit that cannot be overcome, which can be called a 'glass ceiling'. Additional hypotheses were developed:
1. The level of the proposed 'glass ceiling' of knowledge-intensive services development varies in particular economies; 2. The knowledge-intensive services sector is characterised by decreasing marginal productivity; 3. The knowledge-intensive services sector in Poland is on the path of convergence with highly-developed EU countries.
The available data include the years 2008-2017 and that period was used to build predictions about the development of the KIS sector in the European Union. The length of the available time-series must be considered a limitation of the study, and it needs to be taken into account when perusing the results. Additionally, this method does not identify factors causing the 'glass ceiling' in KIS. This issue should be addressed in further studies. Forecasts were constructed using the method of least squares. The method of least squares is a standard approach in regression analysis to approximate the solution of overdetermined systems. The principle of least squares regression states that the best choice of this linear relationship is the one that minimises the square in the vertical distance from the y values in the data and the y values on the regression line (Watkins, 2016, p. 37) . This leads to a minimisation problem for:
This approach -with the use of econometric models to forecast socio-economic -is known as a classical statistical approach (Wilks, 2006, p. 217) . It is used in cases in which the course of the testing phenomenon is regular over time, and the observed trend is permanent and can be described with a smooth mathematical function. It is assumed that the regularity governing the testing phenomenon will not change significantly during the period for which the forecast is based. The predictions reach the year 2025, but their accuracy decreases as the time horizon progresses.
It was initially assumed that the time series equations would be evaluated in the form of second-degree polynomials:
̂ -ind involvement of employment in the KIS sector in the country in the year ; -time variable; -constant; , -structural parameters. In some cases, for a better fit of the model, statistically insignificant at least at the level α=0.1 independent variables appearing in the estimation process were abandoned (time variable or its square) and eventually, linear time series were obtained. The estimated equations for all EU countries are included in Table 1 .
The degree of the fit of the model was different for different countries. The model's fit is assessed by the coefficient of determination R 2 . The value of this coefficient shows what part of the variation in the response variable is due to the fit of the model. The rest (1-R 2 ) is due to the residuals. The R 2 can be interpreted as the proportion of the variation of the predictand that is described or accounted for by the regression (Wilks, 2006, p. 186) . R2 is calculated in the following way (Watkins, 2016, p. 43 
where:
-are the theoretical values of the dependent variable (calculated with the model); -are empirical values of the dependent variable. The coefficient of determination R 2 was 0.990 in the case of Sweden, 0.978 in the case of Portugal, 0.964 in the case of Finland, and 0.968 in the case of Bulgaria. On the other hand, in the case of Germany R 2 was only 0.342, and in the case of Lithuania -0.391, which proves a weak model match for these countries. A complete exception was the Netherlands, for which the created model has no prognostic value (R 2 =0.047). Calculated residual variability coefficient (indicating how much of the average value of the explanatory variable is the deviation of the residual component) was for below 3% all the countries, which suggests that the development of KIS in the selected countries is very slightly affected by random factors.
The usability of the forecasts constructed by the estimated trends is determined by their accuracy, measured with an ex-ante forecast error. It was calculated as a quotient of the forecasted value and its standard error. The obtained results allow to determine most forecasts as accurate (relative error ex-ante < 5%), however, in some cases it is necessary to reject forecasts for further years. Too high (>5%) To verify the second hypothesis, in the further part of the study the productivity in the KIS sector was analysed in individual years. In this case, due to the limited availability of the data, the testing period is restricted to [2008] [2009] [2010] [2011] [2012] [2013] [2014] . The productivity of the sector was measured as the production value for every euro of personnel costs. In this section, the analysis was carried out only for the knowledge-intensive high-technology services.
The last part of the study draws conclusions for the Polish KIS sector and assesses the opportunities and threats it faces.
RESULTS AND DISCUSSION
During the analysis period 2008-2017, in almost all the EU countries, the development could be observed in the knowledge-intensive services sector. In the whole EU (28 countries) employment in the KIS sector increased three percentage points in the years, from 37% to 40%. This is slightly less than the average change for all the EU countries (3.36 percentage points). Of course, the situation developed differently for different groups of countries. In the group of Innovation Leaders according to Innovation Scoreboard 2018 (Sweden, Denmark, Finland, the Netherlands, the United Kingdom, and Luxembourg), the average share of employment in the KIS sector has grown by only 0.88 percentage points from 47.37% to 48.25%. In the group of Strong Innovators (Germany, Belgium, Ireland, Austria, France, and Slovenia) the average share of employment in the KIS sector increased 5% and 45%, respectively) . where, in the analysed period, there was a decrease in the employment share in this sector, 5.7 percentage points and 1.9 percentage points, respectively. In particular, in the case of Luxembourg, this decrease can be explained by a change in factors directly related to the definition of knowledge-intensive services. In the years 2015-2017, when the share of KIS in total employment began to decline in Luxembourg, a decrease in the share of the population with higher education and a simultaneous increase in employment was also seen. Employment in other sectors was characterised by higher dynamics than employment in the KIS.
As mentioned, in almost all the EU countries (and the European Union as a whole) knowledge-intensive services are developing, which is illustrated by the increasing share of this sector in total employment. However, the analysis of the constructed forecasts shows that the achieved increments are getting smaller. The determined trend lines (Table 1) indicate that some of the analysed countries have already reached the maximum level of the share of employment, corresponding to the conditions characterising the country. The other surveyed countries will soon reach this level, after which employment in KIS may start to decline. Due to the volume restrictions, the article will not present forecasts for all EU countries. It was decided to present only selected countries -Innovation Leaders (Denmark, Finland, Sweden, and the United Kingdom), Modest Innovators (Romania, and Bulgaria), and the neighboring countries of Poland in the Innovation Scoreboard ranking (Croatia, and Latvia). Starting with the best-performing countries in creating and implementing innovation, it can be seen that (excluding Sweden) the forecast foresees that the share of the KIS sector in total employment will decrease. The 'glass ceiling' for Denmark has been the level of 50% share of KIS in total employment, for Finland -46%, for the United Kingdom -also 50% (Figures 1-4) .
In the case of the least-performing group of innovations, the forecast shows that the KIS sector in Bulgaria will hardly exceed the level of 32% share in the employment. In turn, Romania, in spite of the projected continuous development of the KIS sector, will not exceed 30% share in total employment (Figures 5-6) . Poland and countries similar to Poland in terms of ranking on the Innovation Scoreboard 2018 are characterised by diversified trends in KIS development. Poland most likely (as previously described Bulgaria) will not exceed the level of 32% of the KIS sector in total employment. The observed development of knowledge-intensive services in recent years has slowed down, and, according to the constructed forecast, reached its maximum. In turn, Croatia and Latvia are characterised by a growing trend line of the share of KIS in total employment. In the years 2008-2017 these countries were characterised by a rapid growth of this sector (an increase in the share of KIS in total employment by 7.4 and 5.1 percentage points, respectively), which allows to determine that achieving the 40% share of KIS in total employment by the year 2025 is possible (Figures 7-9) .
Extending the reflection on the maximum share of the KIS sector in employment across all the EU countries, using only historical data (not forecasts), we may notice the existence of several 'glass ceilings'. The first group consists of countries where the share of the KIS sector in employment does not exceed 32-33% over the period 2008-2017. These are Bulgaria, the Czech Republic, and Poland, moderate or modest innovators. The second group brings together countries where the share of the KIS sector in employment does not exceed 35-37%: Estonia, Greece, Spain, Croatia, Italy, Latvia, Lithuania, Hungary, Portugal, Slovenia, and Slovakia. Almost all countries in this group (except for Slovenia) are moderate innovators. Another 'glass ceiling' is observed at the level of 40%. This level is approached, but not significantly exceeded, by Germany, Cyprus, Austria, as well as the EU as a whole, and also the Eurozone. The sector's share in employment for the fourth group is 45-47%. This includes Ireland, France, Malta, the Netherlands, and Finlandstrong innovators and innovation leaders. The level of 50% share of the KIS sector in total employment is the 'glass ceiling' for Belgium, Denmark, and the United Kingdom, also strong innovators and innovation leaders. This level is exceeded only in Sweden and Luxembourg. In the analysed years, Luxembourg was characterised by an extremely high share of KIS in total employment, reaching up to 58% in the year 2014. In recent years, however, a significant reduction in employment in the KIS sector could be observed (to 48.5% in 2017) . It can be predicted that in the future a similar fate will be shared by Sweden, which, for the time being, continuously develops its KIS sector. Given the parabolic shape of many constructed trend lines and the results of the constructed forecasts, it can be said that some of the analysed countries have already reached their maximum level of development of KIS, and some will reach it in the coming years. However, constant progress of knowledge-intensive services should not be expected. Similar conclusions can be drawn by analysing productivity in knowledge-intensive services. In the years 2008-2014, the vast majority of the EU countries experienced a decrease in productivity defined as production of the sector per one-euro of personnel costs (Figure 10 ). During that period only in Belgium, Sweden, Finland, and the United Kingdom productivity increased (by 11%, 4%, 3%, 2%, respectively). Such results are not surprising. Tassey (2004) pointed out that knowledge-based services are at risk of a decrease in productivity. This is due to the fact that they typically represent the final stage in a system of products related to consumption (e.g., communication, marketing, or trade). What needs to be acknowledged is the fact that not all jobs in the knowledge intensive services sector are innovative, or actually knowledge intensive. To demonstrate this we compared some aspects of working conditions in two sectors: Financial (and other services) and Commerce and Hospitality (Figure 11 ). It can be observed that, depending on the aspect, only 50-80% of the jobs in Financial Services demand some form of knowledge processing. On the other hand, those figures are significantly lower for Commerce and Hospitality sector, so while it can be said that the KIS sector is not fully knowledge-intensive, it is still much more knowledge-intensive than other services. Focusing on Poland, it should be emphasized once again that although in the years 2008-2017 the share of the KIS sector in total employment increased by three percentage points, the pace of these changes slows down, and currently the forecasts do not give it a chance to catch up to the countries -innovation leaders in this area. The declining efficiency is not conducive to the development of the KIS sector in Poland (-14% in the years [2008] [2009] [2010] [2011] [2012] [2013] [2014] , but this trend is observed in most EU countries, and the efficiency in Poland remains higher than the EU average (5.20-euro of production for 1 euro of personnel cost to 3.73 euro in EU).
CONCLUSIONS
The study examined the design of knowledge-based business services in selected European countries. The EU-15 countries were characterised by a higher level of use of KIS and innovation than the EU-12 countries. In most EU countries, efficiencies in the KIS sector may fall; this is due to decreasing performance in Europe and the growing competition of non-EU outsourcing companies (e.g. in India), where costs are low.
In the case of Poland, the development of KIS also depends on the demand for innovative services, even the 'innovation climate.' In Poland, low spending on research One is able to apply their own ideas in their work
Commerce and hospitality Financial and other services and development continues, despite the extensive participation of people with higher education in the labour market, resulting in a significant mismatch between the skills of workforce and business needs. However, weak signals suggesting a break in the trends presented can be seen. In Europe, this signal is the economic growth that eventually appears after the financial and debt crisis. With a demand-side mechanism, economic growth can revive the KIS sector. In particular, in Poland a significant influx of immigrant workers from non-EU countries (mainly Ukraine) can reduce staff costs in the KIS sector. Migrant workers tend to concentrate in larger cities, and many of them are attending local schools for higher education. This skilled workforce finds employment in outsourcing companies located in Poland, as opposed to previous years, when outsourcing companies moved to non-EU countries seeking lower costs.
The test carried out was not free from research limitations. It should be noted that the time series used to construct the projections were limited due to the availability of data concerning the EU's knowledge-intensive sectors; this can affect the accuracy of the results.
It can be concluded that the future standard of living for citizens in the EU will depend heavily on the KIS sector and the services sector. Based on the findings, it can be considered that it is essential that policymakers and governments put more emphasis on the development of the sector, notably by offering financial support, incentives and building a favourable political and economic environment for the functioning of KIS and knowledge transfer process. Besides, the development of a knowledge-based economy should also intensify the development of the information and communication sector (ICT). The results of the study can be a signal for innovation policy that it should not only target R&D activities, but also support the development of KIS and innovation systems. It should also be noted that the current technological advances not only allow but also determine the implementation of activities related to the use of artificial intelligence and robotics in organisations. This will be a competitive advantage by reducing the cost of doing business, while at the same time increasing the efficiency of investment. However, it should be remembered that while the introduction of artificial intelligence undoubtedly contributes to the growth of GDP, it is not possible to downplay ethical issues or the consequences of the social introduction of new technologies.
Concluding, it should be stressed that the providers of business services have a relatively high potential to create innovative solutions in their activities. They are quite well prepared for both the infrastructure and the personnel side. There are no significant financial constraints in this respect, and innovation is regarded as important support for the processes of market competition.
Unexpectedly, however, the market can also hinder innovation development in KIS. Many companies using these services are more valued for their proven, less risk-based solutions. Inherent barriers in customer awareness seem to be the most difficult to overcome, and their recognition requires to conduct research among managers of companies using knowledge-intensive services.
We hope that our article will be an inspiration for further scientific research in the topic of KIS. Due to research limitations we focused only on the main components of the KIS development in the EU countries. The most important questions that should be addressed in the future concern the following issues: − What creates the glass ceiling in the KIS sector?
− Could the decreases in KIS employment in innovation leader countries be due to automation and AI development? − What are the possible factors that could help a country to break the forecasted trend?
